A 
Introduction
Organic compounds coupled with heterocycles exhibit a wider range of pharmacological activities [1] [2] [3] like fungicidal, bactericidal, viricidal etc. Heterocyclic compounds have been reported to be synthesized by various conventional methods [4] [5] [6] which consume higher amount of reactants, solvents, catalysts, hazardous chemicals and tediously longer reaction time. Nowadays variety of heterocyclic compounds have been synthesized under microwave irradiations by using inorganic solid supports [7] [8] [9] [10] like acidic, basic and neutral alumina or montmorilonite K 10 clay based on the reaction conditions. These solid supports act as catalyst as well as media for causing chemical reactions 11, 12 . Solid supported microwave organic synthesis has been proved as an ecofriendly tool in pharmaceutical chemistry. 13, 14 The chemistry of pyrazoles is associated with diverse biological activities [15] [16] [17] like antifungal, antibacterial, antiviral, antipyretic, antiseptic. etc. Various conventional methods have been reported for the synthesis of aromatic as well as aliphatic pyrazole derivatives [18] [19] [20] [21] . A series of mercurial pyrazole derivatives have been synthesized as potential antifungal agents 22, 23 in solvent free conditions under microwave irradiations. Novel polysubstituted pyrazoles are synthesized herein from aromatic aldehydes and hydrazine derivatives along with the use of formic acid as cyclising agent under MWI and conventional heating methods to perform a comparative study and evaluation against different fungal strains.
Experimental Methods
Microwave irradiation reactions were carried out in a Padmini Essentia microwave oven at 2450 MHz and the conventional reactions were carried out in RB flask fitted with air condenser on a calibrated magnetic stirrer. 24 Melting points were recorded on a Thomas Hoover melting point apparatus and are uncorrected. IR spectra were recorded on FT Hitachi R-600 instrument using KBr pellets and the 1 H NMR spectra were recorded by using CDCl 3 solvent on a Brucker 300 MHz spectrometer with tetramethyl silane as an internal standard. The purity of the compounds was checked on silica gel coated Al plates (Merck). The chemicals used were purchased from SD fine chemicals Co. Ltd.
Propanoyl hydrazine (1) and propanoyl hydrazones (3a-f) were synthesized according to literature methods. 25, 26 General procedure for the synthesis of 3-aryl-4-methylpyrazol-3 -ene-5-ones, (4a-f)
Conventional Method
An equimolar amount (0.01 mole) of propanoyl hydrazone (3a-f) and formic acid was heated under reflux for 21-25 hours to get precipitate of the pyrazoles (4a-f). The reaction mixture was cooled and the solid separated out was filtered off, washed with water and recrystallized from ethanol.
Microwave Method
Propanoyl hydrazone (3a-f) and formic acid with the amount of 0.01 mole each were mixed together and the resulted mixture was adsorbed in 10 grams of acidic alumina in a small beaker which was then subjected to microwave irradiation at an interval of 30 seconds for 4-7 minutes. The progress of the reaction was monitored by thin layer chromatography. After the completion of the reaction, the content was cooled and eluted with ethanol batch wise (4×15ml). Then the solvent was recovered from the extract through distillation under reduced pressure leaving behind pyrazole derivatives (4a-f) in solid state. The product was washed with cold water followed by recrystallisation from ethanol.
Results and Discussion
Propanoyl hydrazine (1) was reacted with aryl aldehydes (2a-f) in ethanolic solution under the support of basic alumina in microwave irradiation to yield aryl hydrazones (3a-f). Hydrazones thus obtained were mixed with formic acid in equimolar amounts and adsorbed in acidic alumina followed by microwave heating to furnish corresponding pyrazoles (4a-f). Formic acid acts as cyclizing agent in this reaction. These reactions took 4-7 minutes for completion with 78-92% yield in higher degree of purity. The reactions were carried out by conventional heating methods also for a comparative study, where the reactions took 21-25 hours for completion with 58-65% yield (Table-1 ). The usage of hazardous solvents and poisonous chemicals is avoided in microwave reactions in pre and post reaction stages. Alumina acted as basic and acidic media. These observations have proved microwave reactions more ecofriendly and beneficial in terms of reaction time, yield and purity of the products. The structures of the synthesized pyrazoles (4a-f) were confirmed by spectral and analytical data ( Table-2 Pyrazoles (4a-f) were tested against two fungal strains namely Aspergillus niger and Aspergillus flavus by paper disc diffusion method 27, 28 with salicylic acid as reference drug. The test compounds were dissolved in dimethyl formamide at a concentration of 50 g/ml and the zone of inhibition was measured in millimeters. Pyrazoles 4d and 4f have shown promising activities, 4c and 4e moderate and others have shown mild antifungal activities against the tested fungal strains (table 3) . 
Conclusion
Some novel pyrazole derivatives are synthesized from commonly available precursors under microwave irradiations with 78-92% yield in 4-7 minutes. The method is accompanied with higher degree of purity and avoids the usage of expensive and hazardous chemicals. The solid supports and the solvents can be reused in this method. The conventional reactions took 21-25 hours for completion yielding only 58-65% products along with excess use of chemicals and solvents. Microwave irradiation method is thus proved to be an eco-friendly tool for synthetic works in green chemistry. Pyrazole derivatives synthesized herein are found fungicidal with moderate to excellent activities.
